Cardiovascular disease (CVD) is the leading cause of mortality worldwide, accounting for \>20% of all deaths ([@B1]). Biological and behavioral variables, such as diabetes, obesity, smoking, and physical inactivity, are robust risk factors for the development of CVD and mortality ([@B2]). As well as these established risk factors, subjective health status markers, such as health-related functioning (HRF), have been shown to be associated with an increased risk of cardiovascular mortality ([@B3]). It has been shown that psychosocial risk factors exert an association similar in strength to that of biological risk factors for CVD ([@B4]), and yet the two types of risk factors are rarely assessed concurrently.

HRF refers to how well an individual functions in their daily life, physically and socially, and their perceived physical and mental well-being ([@B5],[@B6]). Most of the literature to date examines HRF as an outcome in patient populations, providing an important indicator of the impact of chronic disease ([@B3],[@B5],[@B7]). However, there is increasing evidence to suggest that poor HRF may predict the development of disease, e.g., in type 2 diabetes (T2DM) ([@B8]) and CVD ([@B9]). Because of the burden of the daily management of T2DM and the development of complications, HRF is particularly important for people with T2DM, with levels of health status shown to be compromised in these populations ([@B5],[@B7],[@B10]). Findings from previous studies show that in samples of patients with T2DM, persons reporting low levels of HRF have higher risk of mortality compared with those reporting high functioning ([@B11],[@B12]). It is likely, therefore, that exposure to T2DM and poor HRF has an additive, if not synergistic, effect on the risk of cardiovascular mortality; however, the impact of this combined relationship on mortality has not been examined. It is important to understand whether the effects of each disorder simply have an additive impact or whether their combined effects exert a synergistic effect (i.e., greater than the sum of two independent effects) on mortality.

Using longitudinal data from a population-based, national study in Australia, these analyses aimed to examine the combined impact of HRF and T2DM on cardiovascular mortality compared with either risk factor alone.

RESEARCH DESIGN AND METHODS {#s2}
===========================

The population, methods, and response rates of the Australian Diabetes, Obesity and Lifestyle (AusDiab) study have previously been described ([@B13]). In brief, AusDiab was a population-based study of 11,247 people aged ≥5 years from 42 randomly selected urban and rural areas of Australia conducted in 1999--2000. At baseline, 55.3% (*n* = 11,247) of those completing a household questionnaire undertook the full survey. The study was approved by the ethics committee of the International Diabetes Institute. Informed consent for the study was obtained from all participants.

Diabetes classification was based on plasma glucose results, using the 1999 World Health Organization diabetes classification ([@B14]). Diabetes was diagnosed on the basis of fasting plasma glucose (FPG) ≥7.0 mmol/L, 2-h plasma glucose ≥11.1 mmol/L, or current treatment with insulin or oral hypoglycemic medication. For these analyses, complete data were available on key variables of interest for 802 participants with T2DM and 9,177 without.

FPG and 2-h plasma glucose levels were determined by a glucose oxidase method using an Olympus AU600 automated analyzer (Olympus Optical, Tokyo, Japan). Serum triglycerides, total cholesterol, and HDL cholesterol were measured by enzymatic methods. Total HbA~1c~ analysis was performed using high-performance liquid chromatography (Bio-Rad Variant Haemoglobin Testing System; Bio-Rad, Hercules, CA) with standardized conversion to HbA~1c~ values (normal range 4.2--6.3%). Blood pressure was measured using Dinamap or a standard mercury sphygmomanometer. To account for any effect due to differential measurement error, we adjusted manual blood pressure measurements as previously described ([@B15]). Hypertension was defined as present if systolic blood pressure (SBP) was ≥140 mmHg and diastolic blood pressure ≥90 mmHg or if the participant reported current treatment for hypertension. Height and weight were measured in light clothing by a trained observer. BMI was calculated as weight in kilograms divided by the square of height in meters. Information on smoking, medication, and history of diabetes was obtained by interview.

Mortality status and underlying and contributory causes of death were determined by linking the AusDiab cohort to the Australian National Death Index (NDI). Name, sex, date of birth, state, date of last contact, and date of death (if available) were used to match participants to the NDI. The accuracy of the NDI to ascertain CVD deaths and vital status has previously been established ([@B16]). Only high-level matches were accepted as confirmed deaths, and wherever possible, deaths were confirmed by direct communication with the decedent's family. People who were not matched to the NDI were assumed to be alive. Deaths were attributed to CVD if the underlying cause of death was coded I10-I25, I46.1, I48, I50-I99, or R96 according to the 2006 ICD-10. In addition, participants with uncomplicated diabetes (ICD-10 codes E109, E119, or E149) or unspecified hyperlipidemia (ICD-10 code E785) as an underlying cause of death on the death certificate were attributed a CVD death (*n* = 4) if any of the CVD codes (I10-I25, I46.1, I48, I50-I99, or R96) were recorded in the first position on the death certificate.

Health-related functioning was assessed using version 1 of the SF-36 Health Survey ([@B6]). The SF-36 (<http://www.sf-36.org/tools/sf36.shtml>) is a self-administered measure of perceived health status over the preceding week, comprising eight domains: physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental health. Items for each dimension were coded, summed, and translated from worst health (0) to best health (100). Physical functioning refers to the ability to perform activities (walking, climbing stairs, bending and stretching, and lifting and carrying objects) without limitation. Role limitation (physical) refers to the limitations that reduced physical health has on the range and extent of physical activities one is able to perform. Bodily pain refers to the severity of pain and its impact on daily activities. General health is a rating of one's own health, a comparison with others' health, and proneness to illness. Vitality refers to how energetic or tired a person feels. Social functioning refers to the impact of physical and emotional health on the ability to perform normal social activities. Role limitation (emotional) refers to limitations that emotional problems put on the range and extent of activities one can perform. Mental health refers to the degree of nervousness or calmness and happiness or sadness.

In addition, the survey established scores for two summary measures: physical health component summary (PCS) and mental health component summary (MCS) scores. Both PCS and MCS are dimensions of health status that have been shown to be useful and valid measures of mental and physical health functioning relative to health profile. Overall, the SF-36 has been widely used in studies of chronic disease in both patient ([@B6]) and general population ([@B17]) samples.

Statistical methods {#s3}
-------------------

Statistical analysis was performed using STATA, version 11.0, for Windows (STATA, College Station, TX). Descriptive information for each of the variables was derived and distribution assessed. The lowest quartile (i.e., poor health-related functioning) of each dimension of the SF-36 scale was used to define impaired HRF (thresholds: PCS ≤70 and MCS ≤68). Categorical variables describing the pattern of mortality by the SF-36 summary scales were created. The categories were as follows (participant numbers given for PCS and MCS, respectively): *1*) no T2DM and normal PCS or MCS (*n* = 7,098 and 6,640), *2*) T2DM and normal PCS or MCS (*n* = 444 and 500), *3*) no T2DM and impaired PCS or MCS (*n* = 2,079 and 2,178), and *4*) T2DM and impaired PCS or MCS (*n* = 358 and 179).

Univariate associations between each dimension of the SF-36 scale and other variables of interest were assessed using ANOVA for metric variables and a χ^2^ test for categorical variables. Multivariate analysis was performed using Cox proportional hazards models. The first model was adjusted for age and sex. Model 2 adjusted for age, sex, BMI, smoking, history of CVD, SBP, lipid therapy, total cholesterol, and triglycerides. Another model (Model 3) tested the interaction between each domain of SF-36 and HbA~1c~ to assess the synergistic effects of T2DM and impaired HRF on mortality beyond the additive effects of each condition. It should be noted that some of the eight domains were too highly correlated to be included in the same model in order to test their independence from one another. Therefore, these results should not be interpreted as independent of the other domains.

RESULTS {#s4}
=======

Overall, after 7.4 years of follow-up, 57 of those with T2DM and 105 without had died of CVD. Of these, 66% were male. Complete data for these analyses were available on 9,979 study participants. [Table 1](#T1){ref-type="table"} displays the baseline sample characteristics. The mean (SD) age of those without T2DM was 51 years (14) and with T2DM was 62 years (13). Sixteen percent of those without T2DM and 14% of those with T2DM were current smokers. Overall, 7% of those without T2DM and 22% of those with T2DM at baseline had a history of CVD. For each dimension of the SF-36, people with T2DM had lower scores compared with people without T2DM.

###### 

Baseline characteristics of the AusDiab population
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The hazard ratios (HRs) (95% CI) for CVD and all-cause mortality according to domains of HRF and HbA~1c~ are shown in [Table 2](#T2){ref-type="table"}. Low levels of physical functioning, general health perception, and vitality were associated with higher CVD mortality (adjusted for age and sex). This association was only partially attenuated by further adjustment for BMI, smoking, history of CVD, SBP, lipid therapy, total cholesterol, and triglycerides. Low levels of physical functioning, role limitation (physical), bodily pain, general health perception, vitality, social functioning, and role limitation (emotional) were associated with higher all-cause mortality (after controlling for age and sex). Further adjustment for BMI, smoking, history of CVD, SBP, lipid therapy, total cholesterol, and triglycerides had little impact on the elevated HRs of these domains on all-cause mortality. As stated previously, due to strong correlation between certain domains, it was not possible to identify whether the impact of each domain was independent of the effects of the other domains.

###### 

HRs (95% CI) for all-cause and CVD mortality according to dimensions of HRF and HbA~1c~

![](1067tbl2)

The unadjusted combined survival for CVD mortality by categories of T2DM and physical and mental health--related functioning is outlined in [Fig. 1](#F1){ref-type="fig"}. The HRs (95% CI) for all-cause and CVD mortality according to categories of HRF and diabetes status are shown in [Table 3](#T3){ref-type="table"}. The HRs for CVD mortality among those with T2DM or impaired PCS alone were similar, while those with both T2DM and impaired PCS had a much higher CVD mortality (T2DM only 1.4 \[95% CI 0.7--2.7\], impaired PCS alone 1.5 \[1.0--2.4\], and both T2DM and impaired PCS 2.8 \[1.6--4.7\]) compared with the persons without T2DM and with normal PCS (after adjustment for age, sex, BMI, smoking, history of CVD, SBP, lipid therapy, total cholesterol, and triglycerides). Adjustment for MCS (Model 3) did not appreciably affect the impact of PCS, either alone or in combination with T2DM, on all-cause or CVD mortality. For MCS, the HR for CVD mortality among those with T2DM only was 1.4 (95% CI 0.9--2.1) and for impaired MCS alone was 0.7 (0.4--1.3), while the HR for CVD mortality in people with both T2DM and impaired MCS was 2.3 (1.2--4.1). Inclusion of PCS in Model 3 did not substantially affect these results; the individual impact of MCS and its combined impact with diabetes on mortality were independent of PCS.

![*A*: Unadjusted survival for CVD mortality according to diabetes and PCS score categories: the AusDiab study. *B*: Unadjusted survival for CVD mortality according to diabetes and MCS score categories: the AusDiab study.](1067fig1){#F1}

###### 

HRs (95% CI) for all-cause and CVD mortality according to categories of HRF and diabetes status
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To test the nature of the relationship between diabetes and HRF on mortality, i.e., whether effects of the combined disorders on mortality were additive or synergistic, interactions were tested between each domain of the SF-36 and HbA~1c~, and where significant, these terms were added to the final model for each dimension. For CVD mortality, there was a significant interaction between bodily pain and HbA~1c~ (*P* = 0.015). For all-cause mortality, there were significant interactions between physical functioning and HbA~1c~ (*P* = 0.035) and between bodily pain and HbA~1c~ (*P* = 0.033). There was no significant interaction between HbA~1c~ and mental HRF.

CONCLUSIONS {#s5}
===========

This is the first study to show that the combined exposure to type 2 diabetes and impaired HRF is associated with an increased risk of cardiovascular and all-cause mortality. Physical and mental health functioning both demonstrated this additive relationship with diabetes on increased mortality, and T2DM and components of impaired physical HRF (the domains of bodily pain and physical functioning) showed a synergistic impact on mortality. These interaction results indicated that greater bodily pain and poorer physical functioning were more strongly related to mortality among people with higher HbA~1c~ compared with those with lower HbA~1c~. This may suggest that people with diabetes who experience high levels of pain or impaired physical functioning are less likely to participate in behaviors that could improve glycemic control and reduce the development of complications, therefore increasing their mortality risk. It is also possible that these specific HRF impairments are markers of other processes that might increase mortality risk. Owing to strong correlations between certain HRF domains, it was not possible to identify whether bodily pain and physical functioning exerted effects on mortality independent of one another or independent of other domains of HRF.

Previous research in T2DM has largely focused on assessing and modifying conventional risk factors, such as lowering blood glucose and lipids, and increasing physical activity. This approach does not, however, look beyond clinical parameters and fails to take into account the role of subjective health status markers, which can reflect other physical and psychological symptom burden as well as the individual's perception of their health ([@B5]). A number of studies have now begun to recognize and advocate the use of HRF measures in risk assessment and stratification for CVD ([@B3],[@B9]) and diabetes ([@B11]).

Our findings indicate that HRF is related to life expectancy and that among people with T2DM, impaired HRF significantly increases CVD and all-cause mortality. In populations with type 2 diabetes, a few studies have shown an independent inverse relationship between HRF and all-cause and cardiovascular mortality, using both the SF-36 and the EuroQoL (EQ-5D) scales ([@B11],[@B12]). Both instruments are generic measures of HRF widely used among patient samples ([@B12]) and the general population ([@B17]). The EQ-5D, developed by the EuroQol group, measures an individual's health state through five dimensions: mobility, self-care, usual activity, pain/discomfort, anxiety, and depression ([@B18]). Previous studies have not been able to demonstrate the combined impact of T2DM and impaired HRF on mortality because their samples included only people with diabetes ([@B11],[@B12]). Research has shown that people with T2DM are more likely to experience impaired HRF compared with populations without diabetes ([@B5],[@B7],[@B10]). It is also well established that hyperglycemia promotes CVD risk through various mechanisms, including inflammation and endothelial dysfunction ([@B19]), which consequently increase atherosclerosis and plaque rupture. Therefore, our findings support previous work demonstrating separate associations between HRF and T2DM and between T2DM and mortality. Furthermore, this study extends existing literature, providing data indicating the synergistic impact of T2DM and impaired HRF on mortality, and highlights the significance of HRF as a CVD risk factor by showing that those with impaired HRF without diabetes have a risk of CVD mortality similar to that of people with normal HRF and diabetes.

We have shown that both the physical and mental components of HRF independently contribute to the risk of mortality. This supports previous research from a community sample in Taiwan, which demonstrated a relationship between both the physical and mental components of HRF and mortality, even after adjustment for a range of covariates ([@B20]). However, a number of studies have failed to find an association between MCS and mortality. In the Ziprasidone Observational Study of Cardiac Outcomes (ZODIAC), physical but not mental health functioning was related to mortality in participants with T2DM ([@B11]), and a similar finding was shown in a cardiac patient sample ([@B3]). Despite T2DM and impaired MCS significantly increasing mortality in this study, our results indicate that the physical component of HRF did have a stronger effect on mortality than the mental component.

The SF-36 incorporates an assessment of self-rated health, for which there is significant literature supporting its role as a predictor of mortality ([@B21]). Self-rated health provides an overall evaluation of current mental and physical health, as well as the trajectory of health. Explanations for the strength of this relationship suggest that self-rated health may influence behaviors that will affect future health but also that such subjective measures are more inclusive and accurate measurements of health than individual clinical variables ([@B22]).

There is strong evidence to suggest that diabetes and HRF are associated with psychosocial risk factors, such as depression ([@B7],[@B23]). In a sample of patients with T2DM, both the PCS and MCS of SF-36 were associated with depression, anxiety, and illness perceptions ([@B24]). Therefore, T2DM and impaired HRF may promote psychosocial ill health, demonstrating a pathway through which CVD mortality risk may be elevated. The mediating effect of psychosocial adversity may act directly on physiological processes that promote CVD risk. For example, a psychological intervention for cancer sufferers showed that, by improving depressive symptoms, inflammatory markers were reduced ([@B25]). Another mechanism through which the cumulative effects of T2DM and impaired HRF increase mortality may be through behaviors like poor diet, diabetes self-care, and medical adherence ([@B23]). There is a clear link between behaviors such as diet and exercise and HRF ([@B5]); however, the literature is more limited regarding the self-management behaviors of adherence and compliance to medical routines. Hanestad and Albrektsen ([@B26]) showed that, in a sample of patients with type 1 diabetes, HRF was associated with greater perceived ease of regimen adherence. Results from another cross-sectional study indicated that higher HRF was related to good compliance ([@B27]). Therefore, ameliorating HRF levels through psychological and behavioral interventions may benefit health outcomes by improving psychological health and health care practices of individuals with T2DM.

There are limitations to be considered. There is some debate about the use of SF-36 as a measurement tool for quality of life among people with diabetes ([@B28]); however, it is generally accepted that, in population samples, it accurately assesses health status or HRF ([@B17]). It is possible that impaired HRF may reflect some unmeasured variables; therefore, some of the variance attributed to impaired HRF may be explained by other factors. Complications relating to diabetes are likely to explain some of the increased mortality observed among people with diabetes. Although complete data on all diabetes-related complications were not available, the inclusion of albumin-to-creatinine ratio as a covariate did not appreciably affect the findings (i.e., PCS remained a significant independent predictor of mortality, and the combination of both summary components of HRF with T2DM significantly increased the risk of mortality). Data on depression were not available to explore its role as a mediating variable. The moderate response rates at baseline mean that the findings may be subject to response and selection biases and therefore may not be generalizable across all populations. However, the large national sample and quality of the glucose tolerance data give this work considerable weight.

This study demonstrates the combined impact of diabetes and impaired HRF on cardiovascular and all-cause mortality. These findings indicate that, among people with T2DM, impaired HRF is likely to be important in the identification of individuals at increased risk of CVD mortality.
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